Objectives: To evaluate injury patterns of snowbladers and compare them with those of skiers and snowboarders. To determine possible effects of helmet use in these sports on injury to the head and neck. Methods: This prospective case series observational study was conducted by collecting the injury reports from the ski patrol during the 1999-2000 season at Mont Tremblant ski resort, Quebec. All participants in downhill winter sports who presented themselves to the ski patrol with traumatic injury related to their sport were included. A concussion was defined as any loss of consciousness, amnesia, confusion, disorientation, vertigo, or headache that resulted from injury. The ski patroller reported helmet use on the accident report at the time of injury. Results: Snowbladers present with a unique pattern of injury compared with skiers and snowboarders. The incidence of leg, knee, and ankle/foot injuries were 20.5%, 25.6%, and 10.3% respectively. Concussions represented 11% of all injuries. There was no increase in other injury, including neck injury, related to helmet use. Conclusions: Unique injury patterns in snowbladers warrant reconsideration of equipment design. Concussion is a common injury on the ski slope. Although the effects of helmet use on concussion rate are inconclusive based on this study, helmet use did not increase the rate of neck injury, even when adjusted for age.
S
kiing and snowboarding are popular winter sports in Eastern Canada. Recently there has been a growing trend for ''snowblades'', short skis with fixed bindings used with a conventional ski boot. Their popularity is due to the short, quick carving turns and aerial manoeuvres that can be carried out, as well as their use in lessons to teach balance in the fore and aft direction during skiing. No studies to date have documented the injury patterns associated with snowblading.
Although several studies have previously defined the risk and injury characteristics of skiing and snowboarding, there have been a number of questions that remain unanswered. For example, there have been few studies documenting the use of helmets and whether other injuries, particularly to the neck, occur as a result of wearing helmets while skiing or snowboarding.
Therefore this study was undertaken to determine whether using a helmet for skiing or snowboarding caused an increased risk of other injury, in particular neck injury and to describe the general injury patterns associated with snowblading.
PATIENTS AND METHODS
A prospective case series investigation was conducted to determine the injury patterns in skiers, snowboarders, and snowbladers at an Eastern Canadian resort (Mont Tremblant). Ski patrollers are present on the hill at all times that the resort is open from November to April. They are volunteers who have undertaken standard certification by a trauma expert. All injuries reported to the ski patrol during the 1999-2000 winter season (November 1999 to April 2000) were assessed, and the patroller completed a comprehensive report on a standard Quebec accident form. The report documented personal information such as the injured person's age, sex, self reported ability, past participation in lessons, and equipment ownership. The patrollers documented site of injury, their assessment of the type of injury, and the circumstances surrounding the injury including weather conditions, snow conditions, cause of injury, and time of day.
An instructional session on the recognition of head injury and concussion was held before the start of the season by a neurosurgeon with expertise in this field. Concussion symptoms were documented on the report in the comments section and cross referenced to the diagnosis on the report. Concussion was defined as any loss of consciousness, amnesia, confusion, disorientation, vertigo, or headache that resulted from injury while participating in activity at the resort.
Consent for data use for this study was obtained from the resort involved. The reports were stored at the dispatch control at the mountain. Photocopies were collected at the end of each week, and the information entered into a database for analysis. Inclusion criteria for the analysis were a traumatic injury incurred while participating in a sporting activity on the hill and assessment by a ski patroller. Any report forms for medical conditions or those for mountain workers (lift operators, equipment drivers) were not included in the analysis.
The director of the ski school, the patroller in charge, and the general manager of the resort were interviewed and asked to report an approximate proportion of the participants in various activities performed on the hill. The activities were divided into skiing, snowboarding, snowblading, and telemarking.
Statistical methods
All analyses were performed using the SAS software. 25 We used analysis of variance to compare the mean age of skiers, snowboarders, snowbladers, and telemarkers, or t tests when only two groups were compared. For contingency tables, x 2 tests were used to determine whether the variables were dependent on the type of activity practiced (ski, snowboard, snowblade, telemark). Because of the low numbers of telemarkers in our sample (n = 6), we excluded them from some analyses, and examined differences between skiers, snowboarders, and snowbladers only.
To examine possible risk factors for concussions, a logistic regression model was used, with outcome defined as having a concussion versus having some other injury. Adjusted odds ratios and corresponding 95% confidence intervals (CI) are reported. 26 
RESULTS
There was 1332 injury reports filed for the 1999-2000 season at Mont Tremblant, with a total of 1494 injuries (162 people had more than one injury). Six of the injuries were in telemarkers, who were excluded form the analysis. Table 1 presents a list of the characteristics of those presenting to the ski patrol with an injury during the 1999-2000 season. Most injuries occurred as a recreational activity (80%), after between two and five hours of participation that day (80%), on a clear day (60.4%), on hard packed or machine groomed snow (57.8%), with good visibility (81.0%) and in natural light (98.8%). In the snowboarders who were injured, 21.9% of injuries occurred in the snow park (half-pipe, table tops, rail, etc), and 17.6% of injuries involved jumping. For snowbladers, it was the first day on the hill for 38.2% of injured participants, which was significantly different from skiers and snowboarders (19.6% and 16.5% respectively, p = 0.001). Figure 1 gives the breakdown of injuries (including multiple injuries) according to body site. Most (83%) of the head injuries (147/179) were concussions. Concussions represented 11% of all injuries. Not all of the information could be reported from concussed patients, as there were various levels of consciousness in the injured participants. Male participants suffered significantly more concussions than female participants (13.2% and 8.2% respectively, p = 0.0041). Most concussions occurred after between two and five hours of activity (57.7%) and in intermediate participants (49.6%). Most people reporting concussions had never had a lesson (32.3%) and were free skiing (84.1%). Some 13.1% of all injuries involving a jump were concussions, and most concussions occurred as the result of participant error (loss of balance, fall, catching an edge) ( fig 2) . The proportion of injuries resulting in concussions was significantly different among the groups (p = 0.0056), representing 9.6% of all injuries in skiers, 14.7% of injuries in snowboarders, and 5.7% of injuries in snowbladers (fig 3) . Those people with neck injuries also experienced significantly more concussion symptoms than those without neck injuries (39.5% v 10.2% respectively, p,0.0001). There were no significant differences in the proportion of helmet use among skiers (17.4%), snowboarders (16.7%), and snowbladers (11.4%) (p = 0.4612). There was no increased incidence of neck injury in injured people wearing a helmet, even when adjusted for age (less than 6, between 6 and 12, or greater than 12 years old) and activity (skiing, snowboarding, snowblading). A logistic regression model was constructed to compare the incidence of concussions to injury of some other body part. This model included the covariates sex (M/F) and snow condition (soft/chunky/hard packed/ice/powder). An odds ratio of 1.610 for male participants (95% CI 1.093 to 2.371) was obtained, meaning that the odds of concussion for male participants is more than 1.6 times the odds of concussion for female participants, when snow condition on the hill was taken into account. We found that the risk of concussion is also dependent on snow condition, when adjusted for sex. The odds of concussions for injuries sustained on chunky snow are almost 2.5 times that for injuries sustained on soft snow. Similarly, the odds of concussion on hard packed snow are more than 2.2 times that for soft snow. The odds ratios for ice and powder were not significant. There were no significant snow conditions/sex interactions; the effect of snow conditions on an individual's risk of concussion did not depend on the individual's sex.
DISCUSSION Snowbladers
The characteristics of injured snowbladers have yet to be reported in the literature except for a case report of a ''boot top'' fracture. 27 The percentage of snowbladers included in our sample is disproportionately high (5.2%) compared with administrative and ski patroller estimates of the percentage of snowbladers on the hill (less than 0.5%). This may be due to either an inherent risk involved in snowblading or a lower level of ability in the participants (43.5% were beginners, 53.7% had never had a lesson). When injury patterns were analysed, the proportion of injuries to the shoulder (14.1%) was slightly higher than in skiing (9.1%) or snowboarding (10.0%), but not significantly so (p = 0.3590). The percentage of lower limb injuries (56.4%) is higher than that for skiing and snowboarding (42.2% and 13.8% respectively, p,0.0001). The percentage of leg injuries (20.5%) is significantly higher than that for skiing and snowboarding (6.9% and 0.8% respectively, p,0.0001). The most likely reason for the greater number of leg injuries in snowbladers is the non-releasable bindings on the snowblades. It is well known that the risk of lower extremity injury is higher when no binding release occurs or when binding adjustment is inadequate in skiers. 7 11 12 28 Johnson et al 13 found that the incidence of tibial fractures had declined by more than 88% between 1972 and 1994 with the introduction of release bindings and modern ski boots despite the fact that the incidence of grade III knee sprains had increased significantly over the same time period. Deibert et al 7 also found a similar trend from 1972 to 1994, with an 89% decrease in tibial fractures, which they attributed to advances in the release function of the ski boot binding system. They also noted a 14 in their questionnaire study, reported no head injuries in snowboarders wearing helmets, and 0.7% of all injuries were to the head in snowboarders not wearing a helmet. Hentschel et al 31 found snowboarders suffered more significant head injuries than skiers and were more likely to require an intracranial procedure. They recommend the mandatory use of helmets.
However, there have been questions about the optimum design for helmets. 15 Specifically, it has been suggested that there is a risk of associated neck or other injury in children wearing a helmet that is too large or heavy for them. 7 Our study found no increase in neck or other injury associated with helmet use, even when adjusted for age and activity. This lack of harm combined with the value of helmets in reducing head injury in other sports, for example bicycling, 32 ice hockey, 33 and football, 34 indicate that further study should be undertaken in alpine helmet design and efficacy to minimise effects of similar impact injuries. There was a significant association between neck injury and concussion. Those having neck injuries have significantly more concussions than those without neck injuries. Possible reasons for this include: whiplash type injury creating shearing forces in the cranial vault without an impact; an increase in the severity of injury, and therefore reporting, when both neck and head injury are present; people with neck injury are more likely to be asked about and therefore report symptoms of concussion.
It was interesting to note that male participants were at higher risk of head injury than female participants. This may in part be due to the type of activity in which they participate, for example jumping. Yamakawa et al 35 reported that over 70% of injuries to intermediate and expert snowboarders were a result of jumping, whereas Tarazi et al 36 reported that 77% of all neck injuries to snowboarders was a s a result of jumps.
Overall, 18.5% (246/1332) of people had injuries to the head and face region. Other investigators using ski patrol, resort medical facility reports, or questionnaires found 4-37% of injuries to the head and face.
3 5 7 9 14 15 17 18 21 37 Because the ski patrollers had been given an information session devoted to concussion before the start of the season, concussion may have been more readily identified than in previously reported studies. 37 The necessity of uniform injury definitions in order to compare findings of different investigations has previously been stated. 38 When head injuries not requiring medical attention are not included in the definition of injury, the proportion of head injury is reported to be much lower. 37 When a broader definition is used, the reported injury rates are similar. 39 If data are taken from a hospital or trauma centre, the rates of head injury are higher (Shorter et al 22 23 44-71%; Sacco et al 20 15%; Prall et al 19 54%). Sacco et al 20 found blunt head trauma to be the most prevalent cause of death (54%).
The obvious limitation in this type of investigation is that of underreporting and the lack of denominator data to determine if helmets decrease injury rate. Perhaps people wearing helmets are more likely to report head injury than those not. As well, concussion grade was not taken into account, and therefore the effect of helmet use on concussion severity was not evaluated. The only way to adequately assess the ability of a helmet to protect from head injury is to perform a randomised control trial with strict definitions of head injury, including concussion grade and adequate follow up. This type of study is difficult to undertake.
Study limitations

Reporting
The lack of denominator data for number of participants on the hill, number of participants in each activity, number of males versus females in each activity, and ages of all participants in each activity is a key problem in all studies of this nature. Because the exact number of skiers, snowboarders, snowbladers, and telemarkers present on the hill during the 1999-2000 season was an estimate only, injury rates were not calculated. Also, there were clinics and hospitals nearby, and it was assumed that a certain proportion of injured participants did not present to the ski patrol, but went directly to an alternative medical resource. One study dating back to the 1970s assessed injury rates by sending out questionnaires to ski school participants. 40 They found the reporting rate of injured skiers to the ski patrol to be 40%. Children under 12 were much more likely to report their injuries (61%); there were no sex differences. The data presented here represent injured persons evaluated by the ski patrol only.
Follow up
An injury diagnosis was documented on the accident reports. However, most patrollers are not doctors and therefore a diagnosis on the report is not considered a physician diagnosis. No radiographs or other diagnostic procedures are carried out at the time of the injury report being filed. The definition for concussion had been clearly defined at the onset of data collection and was considered to be a diagnosis that could be made on site by the patrollers. Once the individual had left the patroller, there was no follow up information about the injury. Other investigators have used this reporting system and raised the same limitations to their study design. 6 10 Therefore, other than for concussion, neither injury type nor diagnosis was included in the results in this study.
Future directions
Collaborative efforts with the resort operators to obtain adequate data on the number, sex, age, activity, and protective gear worn by all participants will benefit epidemiological studies of this nature. For example, a specific pass type could be issued for the different activities, and age and sex could be entered into the resort database at the time of purchase. Controlled trials to assess the injury patterns associated with helmet and wrist guard use should be undertaken. Further research will endeavour to determine whether helmets could be optimally designed to protect against head injury. Snowblade manufacturers may consider redesign of binding systems to make them safer to protect against lower limb injuries. Education programmes directed at specific skills such as jumping should be in place to promote skill development and greater awareness of injuries that can occur as a result of risky behaviour.
Summary
Snowbladers have a unique pattern of injury, presenting with significantly more lower limb injuries than skiers or snowboarders. Equipment design should therefore be modified to decrease the number of such injuries. Also, safety education and skills techniques should be taught to those participating in high risk activities such as aerial manoeuvres. Head and face injuries represent 18.5% of all injuries reported to the ski patrol. Wearing a helmet was not associated with any increased incidence of other injury, including neck injury, even when adjusted for age.
